8 BACKGROUND: Annually, the EU processes ∼750 000 M tonnes of black currants to juice with a substantial production of waste 9 material. This pomace is currently disposed but could be exploited as a source of polyphenol antioxidants, bioactive components 10 and flavour components.
Introduction

27
Black currants are commercially important mainly for the production of juices and concentrates [1] . Black currants 28 contain high levels of vitamin C and polyphenol antioxidants and breeding work at the James Hutton Institute has 29 focussed on improving the content of both components in new varieties [2] . Black currants are particularly rich in 30 anthocyanins, which are responsible for the intense colour of their juices [3, 4] , but also contain appreciable amounts 31 of hydroxycinnamic acid and flavonol derivatives [5] which influence flavour and palatability [6] .
32
Intake of an 80 g portion of black currants can provide up to 300 mg anthocyanins [3, 7, 8] 
35
Across the EU, it is estimated that each year over 700 000 M tonnes of black currants are processed to juice and 36 other products [15] with a substantial accumulation of waste material (approximately 10-20% of berry weight).
37
This waste press cake or pomace must be disposed (and is often used for animal feed) but could be a source of 38 natural antioxidants, bioactive components and flavour components [e.g. [16] [17] [18] [19] [20] . This study describes laboratory 39 simulations of juice production to investigate the amount and composition of polyphenol components extractable 40 from black currant residues, with a focus on anthocyanin components. The study compares polyphenols in the 41 laboratory derived juice, successive water-extracts and methanol-extracts of black currants to assess extractability 42 and composition and compares findings with polyphenols extractable from industrial black currant pomace. 
Results and discussion
44
Extract composition
45
The black currant residue after homogenisation was twice extracted with water. The total phenol content of these 46 two water extracts represented a further 13 % of the total phenol content of the original "juice" fraction ( Table 1 ). The extent of this value could differ depending on the means of juice production (e.g. whether seeds were removed), the 48 varieties used and the year of harvest [e.g. 21] . Subsequent extraction of the residue with methanol released a further 49 2 % of the total "juice" polyphenol content. Although this represents a small portion of the total polyphenol content, 50 these polyphenol components were not extractable by water and therefore must have been bound with considerable 51 affinity to the residues.
52
The water extracts had a lower phenol concentration than the "juice" but had similar anthocyanin/phenol ratios 53 suggesting that they had similar polyphenol compositions. However, the methanol extracts were notably enriched 54 (approx. 2 fold) in anthocyanins and had a higher relative antioxidant capacity. The antioxidant capacity of the extracts 55 mirrored the anthocyanin/phenol ratio (results not shown) apart for the juice sample, which had a higher antioxidant 56 capacity, possibly as a result of ascorbic acid content. 
57
Water 2
Supplementary Figure 1 . Profiles of juice and water extracts. PDA profiles are shown. The full scale deflections are given in each panel.
The release of anthocyanin-rich extracts from black currant pulp using methanol and/or ethanol after extensive 58 water extraction has been reported previously [22] but the composition of the extracts was not explored. When 
63
The juice and water extracts gave similar profiles at 520 nm ( Fig. 1b) but the methanol extracts gave an obviously 64 different profile (Fig. 1c) . Indeed, it appeared that the methanol extracts had higher levels of the major anthocyanins (glucosides and rutinosides of delphinidin and cyanidin), as assessed by the detector responses. They also had 66 higher levels of the late eluting cyanidin and delphinidin coumaroyl hexoses (Fig. 1c) , possibly due to their greater 67 hydrophobicity. Indeed when the levels of the major anthocyanins were estimated by their MS peak areas, there was of the increased cost implications of sequential extractions at an industrial level.
78
After these extractions, the laboratory-derived residues and the pomace still contained substantial "insoluble" 
Anthocyanin dimers
82
A range of early-eluting components were identified in the methanol extracts (Ma1-Ma9) with PDA maxima 83 suggestive of anthocyanin derivatives (Fig. 3A & B, Table 2 ). Their MS and MS 2 properties suggest that they were (Fig. 3D-F) .
91
The base MS 2 fragment at 589 (actual mass = 588) could be formed by a dimer of cyanidin and delphinidin units Table 2. MS 2 products at 303 and 287 suggest breakdown to delphinidin and cyanidin respectively. The more minor fragment 97 at 437 (loss of 152 Da) could be due to loss of an vinyl alcohol derivative of the B-ring of cyanidin after a retro- 
102
These dimers were not detected in the juice and water extracts but may be hidden by other more abundant 103 components. The dimers were also detected in methanol extracts obtained using a faster, smaller-scale procedure 104 which was maintained at 4 • C throughout (results not shown), which suggests these components are not artefacts 105 formed during extraction; a conclusion also reached by Vidal et al. [34] . The appearance of the dimers in the methanol 106 extracts strongly suggests that they are bound to the residues, perhaps arising from the berry skins. frozen. The entire residue from these filtration steps was combined. Portions of the residue (200 g) were re-suspended Table 2 Putative identity of anthocyanin-like peaks in black currant extracts 5 volumes of dH 2 O, the pellets from the first water extraction were re-extracted in 450 ml of ethanol using the same 147 procedure. After centrifugation (5000× g, 10 min, 4 • C), the ethanol extract was obtained. 
Material and methods
Anthocyanin, phenol and FRAP measurements
149
The total anthocyanin concentration was estimated by a pH differential absorbance method [7] . The absorbance 150 value was related to anthocyanin content using the molar extinction coefficient calculated for cyanidin-3-O-glucoside 151 (purchased from ExtraSynthese Ltd, Genay, France). Phenol content was measured using a modified Folin-Ciocalteau 152 method [7] using a standard curve of gallic acid.
153
The ferric reducing ability of plasma (FRAP) assay was employed as a measure of antioxidant capacity and was 154 carried out according to the method outlined previously [7] . Samples were dried to a fixed amount of phenols (e.g. 
Liquid chromatography-mass spectrometric analysis
157
Extracts containing 20 g phenols (GAE) were analysed on an LCQ-Deca system, comprising Surveyor autosam-158 pler, pump and photodiode array detector (PDA) and a ThermoFinnigan ion-trap mass spectrometer following previous 159 methodology (28). The PDA scanned 3 discrete channels at 280, 365 and 520 nm. The samples were applied to a C18 160 column (Synergi Hydro C18 with polar endcapping, 4.6 × 150 mm, Phenomenex Ltd) and eluted using a gradient 161 of 5-40 % acetonitrile (0.1% formic acid) over 60 min at a rate of 400 l/min. The LCQ-Deca LC-MS was fitted 162 with an ESI (electrospray ionisation) interface and analysed the samples in positive and negative ion mode. There 163 were two scan events; full scan analysis followed by data-dependent MS/MS of the most intense ions using collision energies (source voltage) of 45%. The capillary temp was set at 250 • C, with sheath gas at 60 psi and auxiliary gas 165 at 15 psi. her Honours project at JHI. We thank Dr Rex Brennan (JHI) for the supply of the black currant breeding line used in 173 this study. We are grateful to New Holland Extraction Ltd for the supply of black currant pomace.
